The couplings of pions with heavy baryons g 2 (Σ * , Σ) and g 3 (Σ * , Λ) are studied with light-cone QCD sum rules in the leading order of heavy quark effective theory. Both sum rules are stable. Our results are g 2 = 1.56±0.3±0.3, g 3 = 0.94±0.06±0.2.
Introduction
Important progress has been achieved in the interpretation of heavy hadrons composed of a heavy quark with the development of the heavy quark effective theory (HQET) [1] . HQET provides a systematic expansion of the heavy hadron spectra and transition amplitude in terms of 1/m Q , where m Q is the heavy quark mass. Of course one has to employ some specific nonperturbative methods to arrive at the detailed predictions. Among the various nonpeturbative methods, QCD sum rules is useful to extract the low-lying hadron properties [2] . The couplings of the heavy mesons with pions has been analysed with QCD sum rules [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . The couplings of heavy baryons with soft pions are estimated from QCD sum rules in an external axial field [15] . In this approach the mass difference ∆ between the baryons in the initial and final states is approximately taken to be zero.
In this work we employ the light-cone QCD sum rules (LCQSR) in HQET to calculate the couplings g 2, 3 to the leading order of 1/m Q . The LCQSR is quite different from the conventional QCD sum rules, which is based on the short-distance operator product expansion (OPE). The LCQSR is based on the OPE on the light cone, which is the expansion over the twists of the operators. The main contribution comes from the lowest twist operator. Matrix elements of nonlocal operators sandwiched between a hadronic state and the vacuum defines the hadron wave functions. The LCQSR approach has the advantage that the double Borel transformation is used so that the the continuum contribution is treated in a way better than the external field approach. Moreover, the final sum rule depends only on the value of the wave function at a specific point like ϕ π (u 0 =
Sum rules for the coupling constants
We first introduce the interpolating currents for the heavy baryons:
Neglecting the four particle component of the pion wave function, the expression for G Σ * ,Λ (ω, ω ′ ) with the tensor structure reads
where iS(−x) is the full light quark propagator with both perturbative term and contribution from vacuum fields.
Similarly for G Σ * ,Σ (ω, ω ′ ) we have:
To the present approximation, we need the following OPE near the light cone for twoand three-particle pion wave functions [12] :
and
The operatorG αβ is the dual of G αβ :
Due to the choice of the gauge x µ A µ (x) = 0, the path-ordered gauge factor P exp (ig s 1 0 dux µ A µ (ux)) has been omitted. The wave function ϕ π (u) is associated with the leading twist 2 operator, g 1 (u) and g 2 (u) correspond to twist 4 operators, and ϕ P (u) and ϕ σ (u) to twist 3 ones. The function ϕ 3π is of twist three, while all the wave functions appearing in eqs. (19) , (20) are of twist four. The wave functions ϕ(x i , µ) (µ is the renormalization point) describe the distribution in longitudinal momenta inside the pion, the parameters x i ( i x i = 1) representing the fractions of the longitudinal momentum carried by the quark, the antiquark and gluon.
The wave function normalizations immediately follow from the definitions (15)- (20):
, with the parameter δ defined by the matrix element: (12) and (14) with the pion wave functions, we arrive at:
where
For large euclidean values of ω and ω ′ this integral is dominated by the region of small t, therefore it can be approximated by the first a few terms.
After Wick rotations and making double Borel transformation with the variables ω and ω ′ the single-pole terms in (11) are eliminated. Subtracting the continuum contribution which is modeled by the dispersion integral in the region ω, ω ′ ≥ ω c , we arrive at:
is the factor used to subtract the continuum, ω c is the
, T 1 , T 2 are the Borel parameters a = −(2π) 2. The functions G 2 (u 0 ) and I G 3 (u 0 ) are defined as:
] .
(27) We have used integration by parts to absorb the factors (q · v) and 1/(q · v). In this way we arrive at the simple form after double Borel transformation. In obtaining (24) we have used the Borel transformation formula:B T ω e αω = δ(α −
T
). Similarly we have:
where the function I G 4 (u 0 ) is defined as:
From (24) and (28) we know that both g 2 and g 3 are negative using the notations in [19] . In the following we will always discuss the absolute values of g 2,3 .
Determination of the parameters
In order to obtain the coupling constants from (24)-(28) we need the mass parametersΛ's and the coupling constants f 's of the corresponding interpolating currents as input. The results are [16] 
For the sum rule (24) and (28) the continuum threshold is ω c = (2.5 ± 0.1)GeV. We use the wave functions adopted in [12] to compute the coupling constants. Moreover, we choose to work at the symmetric point T 1 = T 2 = 2T , i.e., u 0 = 1 2 as traditionally done in literature [12] . Such a choice is very reasonable for the sum rules for g 2 since Σ * c and Σ c are degenerate in the leading order of HQET. The mass difference between Σ * c and Λ c is about 0.2GeV. Due to the large values of T 1 , T 2 ∼ 3.2GeV ≫ ∆ used below, the choice of T 1 = T 2 is acceptable. We use the scale µ = 1.3GeV, at which the values of the various functions appearing in (24)- (28) 
We have used the asymptotic forms for the wave functions ϕ 3π 
Numerical results and discussion
We now turn to the numerical evaluation of the sum rules for the coupling constants.
Since the spectral density of the sum rule (24)-(28) ρ(s) is either proptional to s 2 or s 3 , the continuum has to be subtracted carefully. We use the value of the continuum theshold ω c determined from the corresponding mass sum rule at the leading order of α s and 1/m Q [16] . The lower limit of T is determined by the requirement that the terms of higher twists in the operator expansion is reasonably smaller than the leading twist, say ≤ 1/3 of the latter. This leads to T > 1.3 GeV for the sum rules (24)-(28). In fact the twist-four terms contribute only a few percent to the sum rules. The upper limit of T is constrained by the requirement that the continuum contribution is less than 50%. This corresponds to T < 2.2GeV.
The variation of g 2,3 with the Borel parameter T and ω c is presented in Fig. 1 and Fig. 2 . The curves correspond to ω c = 2.4, 2.5, 2.6GeV from bottom to top respectively. Stability develops for the sum rules (24) and (28) in the region 1.3 GeV <T <2.2 GeV, we get:
where the errors refers to the variations with T and ω c in this region. And the central value corresponds to T = 1.6GeV and ω c = 2.5GeV. Combining (31) we arrive at
where the second error takes into account the uncertainty in f's. The recent CLEO measurement [20] of the Σ * c → Λ c π decays gives g 3 = √ 3(0.57 ± 0.1) [21] , where the factor √ 3 arises from the different notaions. The decay Σ * c → Σ c π is kinematically forbidden so the direct measurement of g 2 is impossible. In the large-N c limit of QCD (N c is the number of colors) g 2,3 is related to the nucleon axial charge g A = 1.25, g 2 = 3/2g A , g 3 = 3/2g A [22, 23] . The quark model result is g 3 = √ 3 × 0.61, g 2 = 1.5 × (0.93 ± 0.16) [21] . The short-distance QCD sum rules with the external field method [15] yields g 2 = 1.5 × (0.4 ∼ 0.7), g 3 = 3/2 × (0.4 ∼ 0.7). In this work we employ light-cone QCD sum rules to calculate the strong coupling constants g 2,3 . Both sum rules for g 2 and g 3 is very stable with reasonable variations of the Borel parameter T and the continuum threshold ω c as can be seen from Fig. 1 and Fig. 2 . It is interesting to note that the numerical values of g 2 and g 3 are consistent with both the experimental data and the quark model result [21] . It is also interesting to notice the deviation from the large N c limit prediction [22, 23] . Moreover the result from the short-distance QCD sum rules is compatible with the present work with the light-cone QCD sum rule approach if we use the same values of ω c and f 's though the errors are quite large. 
